Introduction
Cognitive impairment is common in patients with cancer (7.4% -90.5%), especially in the final stages of the disease [1] [2] ; delirium and dementia are prevalent, with estimates of their incidence rates being in the range of 28% -88% for the former and 11% for the latter [3] - [5] . However, small and subtle cognitive changes in particular cognitive domains-such as attention, memory, organization, reaction time-are frequent and can impair patient's day-to-day functionality, including treatment related decisions. There are few studies regarding the prevalence of cognitive impairment in patients with cancer in palliative care treatment. A multinational study with 1915 patients with advanced cancer reported that 32.9% of these patients had low scores (<27) on Minimental State Examination [6] . Two studies that analyzed the mental flexibility and/or executive function of patients with cancer receiving palliative care reported changes in 28% [7] and 44% of this population, respectively [8] .
In Brazil, this issue has received little attention, and it is believed that, just as in other countries, these changes frequently pass unnoticed and are not systematically assessed. The shortage of adequate instruments to perform cognitive evaluation in this population further contributes to the failure of building up knowledge about this issue.
There exist many tests and questionnaires that evaluate one or several aspects of mental function, and there also exist neuropsychology compendia designed to bring together information from several tests [9] . However, studies examining the adaptation and validation of these instruments for use in patients with cancer are scarce [10] , and there is very limited information about the clinical validity and reliability of these instruments in patients with cancer receiving palliative care [10] . There exist studies in healthy subjects which have analyzed the psychometric properties of the Trail Making Test (TMT) and demonstrated satisfactory reliability and valididity of the test [11] - [13] . However, to our knowledge, there are no studies which have analyzed the validity of the test in patients with advanced cancer. This population is exposed to different factors related to disease and treatment and may have a different cognitive performance when compared to healthy people. Therefore, the validation of this instrument to patients in palliative cancer care is necessary.
The TMT-B evaluates components of executive function and mental flexibility [14] , allowing for a rapid, wide-ranging and efficient evaluation of cognitive function. It has commonly been used to assess functional brain damage [14] and has been implemented in clinical studies involving patients with cancer receiving palliative care [8] [15] [16] ; however, it has yet to be validated for use in Brazilian patients with advanced cancer. Therefore this study's objective was to test the validity of the Trail Making Test -B (TMT-B) for use in patients with cancer in palliative care.
Methods

Sample, Location, and Study Period
A methodological study to test the validity of the TMT-B was conducted with a convenient sample of 133 individuals, including 94 patients with cancer receiving palliative care and 39 patient companions (informal caregivers) serving as a control group. Patients in palliative care were defined as those receiving palliative treatment, including chemotherapy and/or radiotherapy and/or hormone therapy, confirmed by the medical records. The inclusion criteria and data collection procedures are summarized in Figure 1 . The data were collected at the chemotherapy clinic of the Cancer Institute of the State of São Paulo (ICESP) between October 2010 and February 2011. The Research Ethics Committees of the School of Nursing at the University of São Paulo and of the ICESP approved the study and all participants provided informed consent.
Assessment
Socio-demographic characteristics, quality of sleep, presence and intensity of pain, fatigue, cognitive function, anxiety, depression, disease characteristics, current anticancer treatment regimens, and clinical variables were assessed in all subjects. Patients and volunteers were re-assessed within a 7-day interval and instruments applied in both assessments can be seen in Figure 1 .
Functional capacity was evaluated using the Karnofsky Performance Status scale (KPS) [17] . Its score varies from 100%, which indicates normal health condition, to 0%, which indicates death.
Regarding assessment of quality of sleep, the subjects were asked if they wake up feeling tired and how rested they felt on a visual numerical rating scale from 0 to 10, in which 0 represented "no rest" and 10 represented "being fully rested". The presence and intensity of pain at the time of interview was assessed using a numerical rating scale, where 0 represented "no pain" and 10 represented "worst pain imaginable" [18] . We evaluated fatigue intensity and the impact of fatigue on daily activities over the previous week using the Brazilian version of the Fatigue Pictogram, which previously has been validated in patients with cancer and reflect the intensity and impact of the perceived fatigue [19] . Scores range from 1 to 5 for both the dimensions (intensity and impact on daily activities).
The TMT, which is used to evaluate executive function and mental flexibility, involves two parts: the Trail Making Test A (TMT-A), consisting of numbers, and the TMT-B, consisting of numbers and letters.
In the TMT-A, the subject uses a pencil or pen to draw a line connecting a series of numbers in increasing order (from 1 to 25) shown in random circles, in a numerical sequence. In the TMT-B, which was applied here, the subject must link numbers (from 1 to 13) to letters (from A to L) inside circles in alternating sequences, in increasing order [9] . The TMT-A and TMT-B assess similar domains; however, the TMT-B is more demanding and requires more cognitive flexibility [20] .
The criteria used to grade the TMT-B results were the time (in seconds) needed to complete the test correctly and the number of mistakes in the sequence. Longer time needed to complete and higher number of mistakes indicated worse performance, in other words, higher scores indicate worse performance. The version used in this study [21] also involved a small change of the instrument: We suppressed the letter K, since, in the Portuguese language, it is only used for abbreviations and for foreign words and their derivatives. In the final instrument version letters were from A to M and numbers from 1 to 13.
We evaluated anxiety and depression based on a version of the Hospital Anxiety and Depression Scale (HAD) validated for Brazilian culture [22] .
It consists in two sub-scales and the maximum score for each scale is 21. The recommended cut-off points for each sub-scale are: no anxiety or depression (0 -7); possible anxiety or depression (8 -10), and probable anxiety or depression (≥11) [23] .
We used the Mini-mental State Examination (MMSE) to confirm that control subjects did not have cognitive impairment. This instrument consists of questions to assess several cognitive domains. In this study, we adopted an inclusion cut-off score of ≥25 points for individuals with at least 4 years of education [24] .
Data Analysis and Procedures for Analysis of Psychometric Properties
We used the STATA statistical program, version 11, to analyze the data. A significance level of 5% was adopted for all tests. To our knowledge no similar instrument is validated in Brazilian cancer patients. Therefore, we performed the techniques described below to analyse TMT-B.
Convergent/divergent validity was evaluated by assessing correlations between TMT-B scores and the variables anxiety, depression, fatigue, pain, and the quality of the previous night's sleep. Our hypotheses were that (1) a higher intensity of pain, fatigue, and anxiety/depression would be associated with higher TMT-B scores and (2) a better night's sleep would be associated with lower TMT-B scores. After verifying non-normality with the Shapiro Wilk test, Spearman's non-parametric correlation test was used to assess whether there were correlations between scores for pain, fatigue, anxiety, depression, and quality of sleep.
Discriminative validity was evaluated by comparing mean TMT-B scores for patients and healthy individuals. Our hypothesis was that the healthy companions would have a lower TMT-B score than the patients with cancer.
Reliability was evaluated by analyzing the stability of the TMT-B. We applied the TMT-B twice to the patients and the companions, respectively. The mean times and error number in the first and second evaluations were registered. Our hypothesis was that the results of the two evaluations would be similar.
Results
Characteristics of the Sample and Clinical Variables
Ninety-four patients and 39 companions were assessed in the first evaluation. In the second evaluation, 47 patients and 18 companions were retested. The number of participants on the second assessment was lower because some forgot the scheduled appointment, considered the distance between home and hospital too long, patients had worsened general condition and decreased functional capacity.
The patients were men (52.1%), mean age 53.7 (SD = 8.0), living with a partner (62%); 47.9% of the patients had elementary or middle school level educations (4 -8 years of schooling). Colon cancer was the most common diagnosis, followed by breast and rectal cancers. All the patients had metastasis, and a substantial number (n = 67, 71.3%) had one site of metastasis usually in the liver or the lungs. Nearly all the patients (97.9%) were receiving chemotherapy and 61.7% had high KPS scores between 80% and 100% ( Table 1) .
The healthy companions were predominantly women, mean age was 46.9 (SD = 15.0), living with a partner and with 9 to 11 years of schooling ( Table 1) .
Most of the patients (76.6% at the 1 st evaluation and 69.0% at the 2 nd evaluation) and companions (82% at the 1 st evaluation and 100% at the 2 nd evaluation) did not have pain. The majority of patients reported feeling rested during both interviews (74.5% at the first evaluation and 65.5% at the second evaluation). With regard to fatigue, at the first evaluation, we noted that the averages for fatigue intensity and the impact of fatigue on day-to-day activities were 2.8 (SD = 1.0) and 2.6 (SD = 1.4), respectively. At the second evaluation, these averages were 2.7 (SD = 1.0) and 2.7 (SD = 1.4), respectively. Therefore, the patients did not report being very tired, and the impact of fatigue on their daily activities was limited. HAD data indicated that the patients had limited anxiety (1 st evaluation: mean = 6.5, SD = 4.4; 2 nd evaluation: mean = 6.9, SD = 4.5) and/or depression (1 st evaluation: mean = 5.9, SD = 3.9; 2 nd evaluation: mean = 6.4, SD = 4.1) at the two evaluations. The vast majority of the companions did not have pain (82% at the 1st evaluation and 100% at the 2nd evaluation) and felt rested (64.1% and 90.9%, respectively). Their mean score for fatigue intensity was 2.5 (SD = 1.1) at the first evaluation and 2.0 (SD = 0.6) at the second evaluation, indicating low intensity of fatigue. The mean scores for the impact of fatigue were 1.7 (SD = 1.0) and 1.5 (SD = 0.9) respectively, indicating little impact of fatigue ( Table 1) . At the first evaluation, the companion group had a mean anxiety score of 6.5 (SD = 2.6) and a mean depression score of 4.9 (SD = 3.1). At the second evaluation, these averages were 4.9 (SD = 3.1) and 4.4 (SD = 3.0), respectively.
Symptoms did not differ between first and second evaluations among patients and companions.
Psychometric Properties of the TMT-B
Convergent/divergent validity. We did not observe statistically significant correlations between TMT-B outcome and intensity of anxiety, depression, fatigue, pain, and intensity of rest attributed to the previous night's sleep ( Table 2) . With respect to the number of errors, we observed a negative correlation between pain intensity and TMT-B performance at the second evaluation ( Table 2) .
Discriminative validity. The companions did complete the TMT-B in less time than the patients at both evaluations (Table 3) ; however, the two groups had a similar number of errors ( Table 3) .
Reliability. We evaluated the TMT-B's reliability through a test-retest stability analysis. The companions used a similar amount of time to complete the TMT-B at the test and re-test, while the patients required more time to complete the test than the re-test ( Table 4) . With respect to the number of errors, both the patients and the companions performed similarly on the test and re-test ( Table 4 ).
Discussion
Normative studies of the TMT have examined different populations, including both patients [8] [26] . However, few have evaluated the test's psychometric properties [11] - [13] , and we are unaware of any studies validating the TMT-B for use in patients with cancer. This study tested the TMT-B's validity by analyzing convergent/divergent validity and discriminative validity. We expected that individuals who were experiencing pain, fatigue, anxiety, and depression would not perform as well on the test as their healthy companions, and that restful sleep on the previous night would be associated with better performance on the test. We did not observe a correlation between the time needed to perform the TMT-B and the selected variables. For number of errors, we did observe a negative correlation between TMT-B and pain scores.
We were surprised by these findings because, although there is no consensus, some studies involving a small number of patients found a relationship between these symptoms and cognitive performance on other cognitive tests than the TMT-B [15] [27] [28] .
Although not without limitations, these findings support the hypotheses that TMT-B performance may be influenced by the variables we selected to analyze convergent/divergent validity ( Table 2) . However, maybe the relationships are not significant in the absence of severe symptoms.
One possible explanation for why we did not find correlations between test performance and the other variables may be an inadequacy in our hypotheses. That is, fatigue, pain, sleep changes, anxiety, and depression were not constructed in relation to the TMT-B.
However, the pathophysiology and clinical manifestation of these symptoms would support the notion that individuals who are depressed, anxious, fatigued, and/or in pain should have impaired executive function and mental flexibility. It may be that the symptoms of the patients in our study cohort were, for the most part, too mild in intensity to significantly affect the variables. The majority of the patients had scores indicative of mild pain and mild fatigue. Likewise, the average scores for anxiety and depression did not indicate anxiousness or depression in our patient group ( Table 2) .
Another explanation could be that the uncorrelated variables lacked relevance or that the instruments used to measure them lacked sensitivity and accuracy. However, it should be noted that all of the instruments used were validated and or previously used in patients with cancer [18] [19] [22] [23] . Although this study's sample seems to be similar to those of other studies which have successfully used these instruments, it is possible that there may have been differences that are not apparent.
The negative correlation between the number of errors and pain intensity ( Table 1 ) was surprising since pain is thought to interfere with attention [29] [30] .
A Brazilian study comparing the cognitive function of patients with cancer using opioids for pain versus those not using opioids showed a negative correlation between pain intensity and performance on the MMSE and the Brief Cognitive Screening Battery, but not between pain intensity and TMT performance [15] .
Our discriminative validity analysis showed that the TMT-B was able to discriminate between the two groupspatients and companions-with respect to the time needed to perform the test, both on the first and second evaluations, but not in terms of the number of errors made ( Table 3 and Table 4 ). A former study analyzing the validity of the TMT-B in individuals with head trauma and healthy volunteers yielded similar results [31] . They observed a difference between those with head trauma and the control group in terms of the time needed to perform the test, but not in terms of the number of errors made [31] .
Completing the TMT-B involves psychomotor speed, simple visual verification, and the ability to perform two differently directed activities at the same time in a not very demanding task. Therefore, it may be difficult to capture errors in people who do not have pronounced cognitive deficits. In the TMT-B, subjects must remember an alphabetical sequence in addition to a numerical sequence. Thus, the fact that the average level of education was similar between the patients (10 years) and their companions (11.5) helps justify their similar performance on the TMT-B ( Table 1) . In addition, it may be likely that patients were able to minimize errors by spending more time on completing the test.
We are not aware of former studies in patients with cancer that used the number of errors made on the TMT-B as a performance criterion. A study performed on healthy elderly people, some with depression, and others with schizophrenics, found that only the schizophrenics had an increased number of errors [32] . Another study did find a difference between healthy controls, people with mild cognitive impairment, and Alzheimer patients in terms of the number of errors made on the TMT-B. People with Alzheimer's disease had worse performance [33] .
In the test-retest analysis, we did not observe a significant difference between the time needed to complete the test regarding the companions' first and second performance; however, the times to complete the two tests did differ regarding the patients performance (they were faster on the second assessment) ( Table 4) . Meanwhile, the number of errors made in executing the test did not vary significantly between the evaluations for either group, showing that the instrument was stable with respect to the number of errors in both groups ( Table 4) . To elucidate whether the TMT-B's stability or instability can be explained by changes in the variables of pain, fatigue, quality of sleep, anxiety, and/or depression, we compared these variables between the evaluations ( Table 2) . Between the first and second evaluations, we did not observe differences between the patients' median scores for any of these variables, though the patients' TMT-B scores differed between the evaluations. This dissociation indicates that the change in TMT-B performance was not related to these variables. Interestingly, TMT-B performance remained stable in the companion group, while the variable of anxiety showed a trend of reduction between the first and second evaluations, indicating that the test may not be affected by anxiety level ( Table 2 ).
Given that test was repeated with a 7-day interval and the patients could have their health condition changed and they were in treatment-receiving chemotherapy and other medications, which might affect their clinical condition, it is an open question whether the methods were appropriate to investigate the test's stability in the patients group. . Studies performed in undergraduates [11] and healthy individuals have shown that the TMT-B is stable and reliable with the tests repeated over a 1-month interval, both for the time needed to perform the test and for the number of errors made [12] [13] . For our study, we choose to perform a test-retest stability analysis in patients due to our interest in evaluating the utility of the test in patients with cancer receiving palliative care. However, this study presented an important limitation that may be the reason why the reliability of the instruments has not been reconfirmed for this population. It is an unanswered question whether the methods were an adequate to investigate the test's stability in the patients group (long interval between assessments). Most likely the companions were more stable and, therefore, more suitable for this analysis. This assertion is supported by our findings.
This study, which was the first to evaluate the psychometric properties of the TMT-B in patients with cancer receiving palliative care, showed positive and negative aspects in terms of the instrument's validity and reliability. The instrument discriminated between patients with cancer and healthy age-and educationally matched individuals, in terms of time needed to complete the test. Further, TMT-B was stable across tests for the companion group in terms of time needed to complete the test and number of errors. The instrument was not stable in the patient group with respect to the time needed to perform the test. Meanwhile, the convergent/divergent validity was unsatisfactory for the two study groups as we did not observe a correlation between the TMT-B performance parameters studied and the variables of fatigue, quality of sleep, anxiety, and depression. In conclusion, the TMT-B failed in some of the validation steps in this sample of patients with cancer in palliative care. It should be considered as a test that requires further validation analyses and may be a valuable supplement to other neuropsychological tests. Futures studies should address the issues observed in this work and compare patients in different situations which involve risk factors for cognitive impairment related to disease and treatment.
Summary
In this sample TMT-B passed in some, but not in all the validation tests and a strong discussion gave us insights about the challenges of these results.
